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DESCRIPTION 

VARIABLE FOCUS LENS HAVING TWO LIQUIDS AND ELECTRONIC 

DEVICE 

5 

The present invention relates to a variable focus lens comprising a 
container enclosing an insulating liquid and a conducting liquid, the insulating 
liquid and the conducting liquid being immiscible, having different refractive 
indices and being in contact with each other via an interface, the liquids being 
10 placed in a light path through the container; an electrode arrangement for 
controlling the shape of the interface by means of a voltage; the container 
further comprising a transparent end portion in the light path. 

The present invention further relates to an electronic device comprising 
such a variable focus lens. 

15 

Optical devices based on the manipulation of liquids are rapidly gaining 
large commercial interest, not in the least because of their lack of mechanically 
moving parts and the relative simplicity of the devices, which makes the 
20 devices cheap and durable. 

For instance, in US patent application US2001/0017985 an optical 
device is disclosed that incorporates two immiscible liquids with equal 
refractive indices but different transmittances, with one of the two liquids being 
conductive. By varying the interface between these two liquids, the amount of 
25 each of the liquids in the light path through the device is changed and a 
diaphragm is obtained as a result. 

International patent application W003/069380 discloses a cylindrical 
variable focus lens incorporating two immiscible fluids having different 
refractive indices, one of the fluids being conductive and the other being 
30 insulating. The shape of the interface between the two fluids is manipulated by 
applying a voltage across the lens, which can be used to introduce a change in 
the focal point of the lens. The walls of the cylinder and one of the transparent 
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lids of the cylinder are coated with a hydrophobic coating to ensure that at 
least in a switched off state the conductive fluid, which typically is a polar 
liquid, does not contact said walls in order to maintain a well-defined interface 
between the fluids. 

However, since the lids of the cylinder may be formed from a hydrophilic 
material such as glass or a hydrophilic polymer, a pinhole in the hydrophobic 
coating can cause the formation of microdroplets of the conductive liquid at the 
pinholes over time due to slow penetration of the insulating liquid by the 
conductive liquid or by the presence of a temperature gradient through the 
variable focus lens, leading to the condensation of droplets of the conductive 
liquid on the inner surface of the colder of the two lids. This is highly unwanted, 
because these microdroplets distort the image that is generated by the lens. 

The present invention seeks to provide an variable focus lens in which 
the formation of such microdroplets is significantly reduced. 

The present invention further seeks to provide an electronic device 
comprising such an variable focus lens. 

According to an aspect of the invention, there is provided an variable 
focus lens comprising a container enclosing an insulating liquid and a 
conducting liquid, the insulating liquid and the conducting liquid being 
immiscible, having different refractive indices and being in contact with each 
other via an interface, the liquids being at least partially placed in a light path 
through the container; an electrode arrangement for controlling the shape of 
the interface by means of a voltage; the container further comprising a 
transparent end portion in the light path, the transparent end portion defining 
the shape of a part of the interface at a predefined value of the voltage. 

In such an variable focus lens, the conductive liquid intentionally 
touches the end portion of the container, e.g., a coated lid of a cylindrical 
chamber, at a predefined voltage. Consequently, the microdroplets of the 
conducting liquid that are present on the end portion will merge with the bulk 
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conducting liquid due to the higher affinity therewith, thus yielding an end 
portion with a reduced number of microdroplets on its inner surface. 

The variable focus lens of the present invention has the additional 
advantage that because of the fact that some optical power, e.g., lens power, 
5 is sacrificed to counter the presence of the microdroplets of the conducting 
fluid on the inner surface of the end portion, the building height of the variable 
focus lens can be reduced, which is an important advantage in application 
domains where the form factor of the device is of relevance, e.g., integration 
into camera modules for handheld devices such as mobile phones. 

10 Preferably, the predefined voltage is 0 Volt, to have the conducting 

liquid touching the end portion in an off state of the variable focus lens. 
Obviously, when the interface is in contact with the transparent end portion, 
the image passing through the variable focus lens will be distorted. Therefore, 
it is desirable to let this occur during an off state of the variable focus lens, to 
15 prevent the user of the variable focus lens from noticing this distortion. 

At this point, it is pointed out that in Fig. 7B of US patent application 
US2001/0017985 discloses a diaphragm based on two immiscible liquids, in 
which the shape of the interface between the two liquids is partially defined by 
a lid of the container of the diaphragm. However, the two liquids disclosed 
20 therein have the same refractive indices but different transmittances. 
Consequently, the interface between the two liquids does not affect the 
direction of the light path through the diaphragm. In other words, its shape is 
irrelevant to the performance of the diaphragm, which is determined by the 
respective thicknesses of the liquid layers in the light path through the 
25 diaphragm. In contrast, the quality of the shape of the interface between the 
two liquids in a variable focus lens is crucial for the performance of a variable 
focus lens of the present invention. Therefore, it is not obvious to a person 
skilled in the art that a deformation of a liquid interface in a diaphragm as 
disclosed in US patent application US2001/0017985 would lead to an 
30 advantageous effect in a liquid-based variable focus lens. 

In addition, US patent application US2001/0017985 is completely silent 
about the problem of microdroplet formation on the end portion of the 
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container touching the interface between the liquids, so a person skilled in the 
art would not derive the present invention from this prior art, rendering the 
present invention both novel and inventive over this prior art. 

According to another aspect of the invention, there is provided an 
5 electronic device comprising an variable focus lens comprising a container 
enclosing an insulating liquid and a conducting liquid, the insulating liquid and 
the conducting liquid being immiscible, having different refractive indices and 
being in contact with each other via an interface, the liquids being placed in a 
light path through the container; an electrode arrangement for controlling the 
10 shape of the interface by means of a voltage; the container further comprising 
a transparent end portion in the light path, the transparent end portion defining 
the shape of a part of the interface at a predefined value of the voltage; and 
driver circuitry coupled to the electrode arrangement, the driver circuitry being 
arranged to provide the electrode arrangement with the predefined voltage in 
15 an idle state of the variable focus lens and provide the electrode arrangement 
with a further voltage for separating the interface from the transparent end 
portion when the variable focus lens is enabled. 

This has the advantage that as soon as a functionality of the electronic 
device including the variable focus lens is started up, the driver circuitry will 
20 provide the electrode arrangement of the variable focus lens with the further 
voltage, leading to the separation of the interface from the transparent end 
portion, so that the user of the electronic device is provided with an undistorted 
image immediately after the start-up of the functionality requiring the variable 
focus lens. 

25 In an embodiment, the further voltage is a further predefined voltage, 

which may be stored in an internal memory of the driver circuitry or in a 
memory external thereto, or may be hard-coded into the driver circuitry, and so 
on. 

In an alternative embodiment, the electronic device further comprises 
30 an image sensor for sensing light passing through the variable focus lens, the 
image sensor being arranged to provide the driver circuitry with an output 
signal for controlling the magnitude of the further voltage. 
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In this embodiment, the further voltage is dynamically determined by 
means of an optical feedback mechanism. This has the advantage that a 
change in the variable focus lens characteristics, which for instance can 
happen through ageing of the variable focus lens and which will have an 
5 impact on the magnitude of the further voltage, is automatically compensated 
for. 

The invention is described in more detail and by way of non-limiting 
examples with reference to the accompanying drawings, wherein: 

10 

Fig. 1 schematically depicts a prior art variable focus lens; 

Fig. 2 schematically depicts an variable focus lens according to the 
present invention; and 

Fig. 3 schematically depicts an electronic device according to the 
15 present invention. 

It should be understood that the Figures are merely schematic and are 
not drawn to scale. It should also be understood that the same reference 
numerals are used throughout the Figures to indicate the same or similar 
20 parts. 

In Fig. 1, a variable focus lens as disclosed in International Patent 
application WO 03/069380 is shown. The variable focus lens comprises a first 
insulating fluid A and a second conductive fluid B housed in a cylindrical 
25 chamber. In the context of the present invention, the phrase conductive is 
intended to include polar and polarizable fluids. The fluids A and B are 
immiscible, have different refractive indices and preferably have the same 
density to avoid orientation-dependent gravitational effects on the orientation 
of the fluids including the interface 14 between the fluids. The cylindrical 
30 chamber further comprises a first end portion 4 and a second end portion 6, 
with the first end portion 4 as well as the inner walls of the cylindrical chamber 
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being covered by a hydrophobic and insulating coating such as AF1 600™ from 
the DuPont company, which may be combined with a stack of parylene. 

The shape of the interface 14 can be switched in a continuous fashion 
from a convex shape shown in orientation (a) to a concave shape shown in 
5 orientation (b) by varying a voltage from a value VI to a value V2 across the 
cylindrical electrode 2 embedded in the chamber wall and a, preferably 
transparent, annular electrode 12 on the second end portion 6, which is in 
conductive contact with the second fluid B. Consequently, the focal point of the 
light path L through the cylinder is altered. 

10 Inside this lens, microdroplets or small droplets of the second liquid B 

can become trapped on the inner surface of the end portion 4, causing 
aberrations in the image to be captured behind the variable focus lens. Such 
droplets can for instance be formed if the second end portion 6 is located in 
the presence of a heat source, e.g., an image sensor located behind the 
15 variable focus lens, causing condensation of the fluid B on the colder first end 
portion 4. 

Fig. 2 shows an embodiment of a variable focus lens of the present 
invention. In comparison to the prior art lens shown in Fig. 1 , the variable focus 
lens of the present invention has a reduced building height H causing a part of 
20 the interface 14 between an insulating liquid A and a conducting liquid B to be 
in contact with part 4 s of the end portion 4. In other words, the part 4’ of the 
end portion 4 defines the shape of the part of the interface 14 in contact with 
part 4’. The lower building height of the variable focus lens of the present 
invention is advantageous for integration of the variable focus lens in 
25 applications where building height is an issue, such as mobile phones 
equipped with variable focus lenses, compact cameras, portable multi- 
standard optical storage devices such as DVDs, or endoscopes. 

In addition, small droplets of the conductive liquid B that have formed on 
part 4’ of the end portion 4 or in the vicinity thereof during operation of the 
30 variable focus lens will be absorbed by the bulk of the conductive liquid B 
when the interface 14 is shaped as shown in (a). Preferably, position (a) is the 
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position at rest, i.e., without the application of a voltage across electrode 2 and 
electrode12, i.e., VI = OV, although this is not necessary. 

When the interface 14 has a disrupted shape as shown in (a), the image 
captured behind the variable focus lens may be distorted, especially when the 
5 variable focus lens is used as a variable focus lens, in which case the 
insulating liquid A and the conductive liquid B have different refractive indices 
and preferably have similar densities. This can be avoided by applying a 
voltage VI’ across the across electrode 2 and electrode 12 upon activation of 
the variable focus lens as shown in (b) to remove the contact between the 
10 interface 14 and the end portion 4. 

It is emphasized that the end portion 4 may be any suitable lid for the 
container of the variable focus lens, e.g., a glass plate or a glass lens with a 
hydrophobic coating, a hydrophilic polymer plate or lens with a hydrophobic 
coating, a hydrophobic polymer plate or lens with a hydrophilic coating, an 
15 integral part of the container and so on. The container of the liquids preferably 
is cylindrical, although other shapes, e.g., conical shapes, are also feasible. It 
is also emphasized that the variable focus lens of the present invention 
preferably is a variable focus lens, but that this is not strictly necessary; a 
diaphragm such as disclosed in US patent application US2001/0017985 may 
20 also benefit from for instance the lower building height of the variable focus 
lens of the present invention. 

Fig. 3 shows a part of an electronic device 1 of the present invention 
including the variable focus lens of the present invention as shown in Fig. 2 
and described in the accompanying detailed description. The electronic device 
25 1 further comprises driver circuitry 20 coupled to the electrode arrangement 

comprising electrode 2 and electrode 12. The driver circuitry may be 
responsive to an image sensor 30, which senses, or measures, the light i.e., 
the image, that passes through the variable focus lens. In an idle state of the 
variable focus lens, the driver circuitry 20 will apply a voltage VI across the 
30 electrode 2 and the electrode 12, with VI preferably being OV. Upon activation 
of a function of the electronic device 1 requiring the functionality of the variable 
focus lens of the present invention, which for instance may be a user selecting 
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a camera function on a mobile phone, the driver circuitry 20 will be triggered to 
apply a further voltage VI’ across the electrodes 2 and 12 to remove the 
contact between the interface 14 and the end portion 4, as depicted in 
situation (b) in Fig. 2., after which the voltage may be varied between a value 
5 VI’ and a value V2 as shown in Fig 1 (b) during operation of the variable focus 
lens of the present invention. 

The magnitude of the further voltage VI’ may be determined in a 
number of ways. For instance, the magnitude may be predefined and stored in 
a memory 22, which may be an internal memory structure of the driver circuitry 
10 20 or an external memory, from where it is retrieved upon activation of the 

variable focus lens. This has the advantage that no measurements are 
required and that the interface 14 can be rapidly altered to the desired shape 
upon activation of the variable focus lens. However, in implementations of the 
variable focus lens of the present invention where the magnitude of the further 
15 voltage increases upon ageing of the variable focus lens, this may cause the 
magnitude of the further voltage stored in memory 22 to become insufficient. 

Alternatively, the magnitude of the further voltage may be determined 
dynamically. This can for instance be achieved by increasing the voltage 
provided by the driver circuitry 20 to the electrode arrangement of the variable 
20 focus lens until the image captured by the image sensor 30 is free of the 
distortion caused by the contact of the interface 14 with the part 4’ of the end 
portion 4 of the variable focus lens. 

Other dynamical determinations of the magnitude of the further voltage 
can be thought of; for instance, the electrode arrangement of the variable 
25 focus lens may be extended with a transparent electrode (not shown) on the 
end portion 4 for sensing the presence of a conductive contact or a 
capacitance between the end portion 4 and the conducting liquid B, which can 
be used to accurately remove such a contact upon activation of the variable 
focus lens of the present invention. 

30 It should be noted that the above-mentioned embodiments illustrate 

rather than limit the invention, and that those skilled in the art will be able to 
design many alternative embodiments without departing from the scope of the 
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appended claims. In the claims, any reference signs placed between 
parentheses shall not be construed as limiting the claim. The word 
"comprising" does not exclude the presence of elements or steps other than 
those listed in a claim. The word "a" or "an" preceding an element does not 
5 exclude the presence of a plurality of such elements. The invention can be 
implemented by means of hardware comprising several distinct elements. In 
the device claim enumerating several means, several of these means can be 
embodied by one and the same item of hardware. The mere fact that certain 
measures are recited in mutually different dependent claims does not indicate 
10 that a combination of these measures cannot be used to advantage. 
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CLAIMS 

1 . A variable focus lens comprising: 

a container enclosing an insulating liquid (A) and a conducting liquid 
5 (B), the insulating liquid (A) and the conducting liquid (B) being immiscible, 

having different refractive indices and being in contact with each other via an 
interface (14), the liquids (A; B) being at least partially placed in a light path 
through the container; 

an electrode arrangement (2; 12) for controlling the shape of the 
10 interface (14) by means of a voltage; 

the container further comprising a transparent end portion (4) in the light 
path, a part (4’) of the transparent end portion (4) defining the shape of a part 
of the interface (14) at a predefined voltage (VI). 

15 2 . An variable focus lens as claimed in claim 1 , wherein the predefined 

value (VI) of the applied voltage is 0V. 

3. An electronic device (1) comprising: 
a variable focus lens comprising: 

20 a container enclosing an insulating liquid (A) and a conducting liquid 

(B), the insulating liquid (A) and the conducting liquid (B) being immiscible, 
having different refractive indices and being in contact with each other via an 
interface (14), the liquids (A; B) being at least partially placed in a light path 
through the container; 

25 an electrode arrangement (2; 12) for controlling the shape of the 

interface (14) by means of a voltage; 

the container further comprising a transparent end portion (4) in the light 
path, a part (4’) of the transparent end portion (4) defining the shape of a part 
of the interface (14) at a predefined voltage (VI); and 
30 driver circuitry (20) coupled to the electrode arrangement (2;1 2), the 

driver circuitry (20) being arranged to: 
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apply the predefined voltage (VI) across the electrode arrangement (2; 
12) in an idle state of the variable focus lens; and 

apply a further voltage (VI’) across the electrode arrangement (2; 12) 
for separating the interface (14) from the transparent end portion (4) when the 
variable focus lens is enabled. 

4. An electronic device (1) as claimed in claim 3, wherein the further 
voltage (VI’) is a further predefined voltage. 

5. An electronic device (1) as claimed in claim 3, wherein the electronic 
device (1) further comprises an image sensor (30) for sensing light passing 
through the variable focus lens, the image sensor (30) being arranged to 
provide the driver circuitry (20) with an output signal for controlling the 
magnitude of the further voltage (VI’). 
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ABSTRACT 

VARIABLE FOCUS LENS HAVING TWO LIQUIDS AND ELECTRONIC 

DEVICE 

5 

A variable focus lens comprises a container enclosing an insulating liquid (A) 
and a conducting liquid (B), the insulating liquid (A) and the conducting liquid 
(B) being immiscible, having different refractive indices and being in contact 
with each other via an interface (14), the liquids (A, B) being at least partially 
10 placed in a light path through the container. The variable focus lens further 
comprises an electrode arrangement (2, 12) for controlling the shape of the 
interface (14) by means of an applied voltage. The container further comprises 
a transparent end portion (4) in the light path, a part (4’) the transparent end 
portion (4) defining the shape of a part of the interface (14) at a predefined 
15 value of the voltage. Consequently, a variable focus lens with a reduced 
building height (H) is achieved that suffers less from the gradual formation of 
small droplets of the conducting liquid (B) on the inner surface of the end 
portion (4). 

20 <Fig. 2 a> 
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